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[TITLE OF THE IKVE.'.TICNj 
RES IN- ENCAPSULATED SEMICONDUCTOR ZZVZZZ 

I CLAIMS J 

1. A resir.-e.ncapsulated semiccr.durtcr device us*- 

s:e 
r.r.er 


a lead frame which is shaped ir. accordance with a :w 
etching process to a body wherein a thickness of 


leads is less than that cf the lead frame blank, 

i.-.r.er leads havir.g the thickness less th = r. that c* -- e 
lead frame blank; and 

terminal columns integrally connected to the inner 
leads and having the same thickness with the lead frame 
blank, the terminal columns possessing a column-shaped 
configuration which is adapted t= be electrically connected 
to an external circuit, the terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, the terminal columns 
having terminal portions arranged on top ends thereof, the 
terminal portions being made of solders, etc. and exposed 
to the outside beyond a resin encapsulate, each inner lead 
possessing a rectangular cross-section and having four 


v: 
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surfaces including a first su--"5-p = 

* c - e ' a seccnc surface 

third surface and a fourth surface, the '- s - 
f-ushed with one surface of a remaining pokier. s - 
ir.ner lead having the sane thickness with the lead 
blank while being opposed to the second surface, and ~c 
of the third and fourth surfaces having a concave snap, 
depressed toward the inside of the inner lead. 

2. A resin-encapsulated semiconductor device using 

a lead frame which is shaoed *~< • . 

• -•' c - c ' c ---e w;; r . a two-step 

etching process to a body wherein a thickness of inner 

leads is less than --a- -* , . , 

— <=- w. ...e .eao frame blank, 

cornp rising: 

ir.ner leads having the thickness less than that of the 
lead frame blank; and 

terminal columns integrally connected to the inner 
leads and having the same thickness with the lead frame 
blank, the terminal columns possessing- a column-shaped 
configuration which is adapted to be electrically connected 
to an external circuit, the terminal columns being disposed 
outside of the inner leads in a manner such that they are 
coupled to the inner leads in a direction orthogonal to the 
thickness-wise direction thereof, portions of top ends of 
the terminal columns being exposed to the outside beyond a 
resin encapsulate, each inner lead possessing a rectangular 
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cross-section and havi.no -o-- ,• , •• 

- S' — aces including a firs- 
surface, a second surface s e .._.- 

e ' c — = surrece and a f c 


surface, the first surface bein s - flushed with cr.e surzace 
cf a refining portion of the inner lead having the same 
Sickness with the lead frame clank. while bei,g cppcsec :: 
the second surface, and each of -.he third a.-.d fcurth 
surfaces having a concave shape depressed toward the inside 
of the inner lead. 

3. The resin-encapsulated semiconductor device as 
dair.ec in claims 1 or 2, wh.reir. a semiconductor chip is 
received inward of the inner leads, and electrodes of the 

semiconductor chio a -e e"<=- — - , _ 

• e " e e - c = --- v conr.ected to the inner 

leads through wires, respectively. 

<• The resin-e.ncapsulaced semiconductor device as 
claimed in claim 3, wherein the lead frame has a die pad, 
end the semiconductor chip is mounted onto the die pad. 

5. The resin-encapsulated semiconductor device as 
claimed in claim 3, wherein the lead frame does not have a 
die pad, and the semiconductor chip is fastened to the 
inner leads using a reinforcing fastener tape. 

6- The resin-encapsulated semiconductor device as 
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claimed in claims 2 or 2, wherei., the semiconductcr ch,= i 
fastened by means of insuring azhesive to the sect.-, 
surfaces of the inner leads on cne surface there- =n whtc 
the electrodes are located, * r .d the electrodes =f =h 
semiconductor chip are electrically .connected to the firs 
surfaces of the inner leads through wires, respectively. 

~. The resin-encapsulated semiconductor device as 
claimed in claims 1 or 2, wherein the semiconductor chip is 
fastened to the second surfaces of the inner leads by bumps 
thereby to be electrically connected to the inner leads." " 

i DETAILED DESCRIPTION OF THE INVENTION') 
[FIELD OF THE INVENTION) 

The present invention relates to a res in- 
encacsulated semiconductor device capable of feting the 
requirement for an increase in the number of terminals and 
resolving problems wnich are caused in association with 
position shift and coplanarity of an outer lead. 

(DESCRIPTION OF THE PRIOR ART) 

FIG. 15(a) shows the configuration of a generally 
known resin-encapsulated semiconductor device (a plastic 
lead frame package,. The shown resin-encapsulated 

semiconductor device includes a die pad I5U having a 
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«* e «* B eto» cMp :52 0 nountec thereon, outer .... 
" 56 e: « : "«^y connected t . „ f8e ,,... a ' "" 


ian.r leads : 5 12 formed integrally with 


-e cuter leacs 


25 


^3, bonding wires 1530 for electrics- v . 

' =ip. of -.h. ,„er leads :5 ii , = rhe bc .,,_ -J^T- 

semiconductor chip 1320, and . r „ ia enc£cs __. 

semiconductor chip 1520 to prctect the 

2=20 from external stresses an, contaminants. This resin- ■ 
encapsulated semiconductor c-v — 

c.er mount in c - ~ e 

.«x«r.* !S „ r chip !M0 c , icr _, =w -; s 

aS ' J: ' CK:,i by ••-■"f»i*"r. S semiconductor c ,, = 

--he r..m. :, tki . .-, si ,- 9 , ce?s , :5tsd se „ ;= ^ duc;or 

oevice, the number ~* - 

e - ner - eaQS "12 i« equal to that 
cf tne bonding pads 1521 of 

semiconductor chip 1520. 

And, r:3. 15 (b) shows the conf i o- - s - < 0 - r * 

= ._o., of a monolayer lead 
frame used as an assembly memo-- — -v,. . • 

semiconductor device shown in F'- -5. ■ e k , 

f-w. -5a. Such a lead frame 

bOBdta » P- i«l f« mountino th . 
semiconductor cwp. £he in „ r ,, ids ^ be . elec: . ieaUy 

connect.. to t .,. s . m£condaccl)r cS , p _ ^ ^ ^ 

»nrch 1. int.,.-.! w lth the inner leads :5!2 and , s „ ^ 

c!ect.-icai2y connected to the .,.„„„ ^ . 

tne associated circuits. This 

ir ' ClUd " ba " 15:4 »»ln, as s dam .hen 

encapsuiatin, the semiconductor chip „ it .h the resin, end a 
frame J515 servin , „ taffm ^ ^ ^ ^ 


Such 5 lead frame is formed from a hicMv — 

such as a cobalt, 42 alloy (a < 2 | Ni-fe alloy. , cccper-rase 
alloy by a pressing working process cr ar. etching przress 

15(b) (□; is a cross-sectional view ta.<en aim; 
line ri--2 of ."G. 15(b) (-f). 

Recently, there has been crowing demand for t.-.e 
minl.iuriz.ticr. and reduction in thickness of resin- 
encapsulated semiconductor device employing lead frar.es 
like the lead frame (plastic lead frame package) and the 
increase cf the number of terminals of resin-encapsulated 
semiconductor package as electronic apparatuses are 
miniaturized progressively ar.d ,- e degree _ hg 
integration of semiconductor device increase progressively. 

Thus, recent res- p-erca-su" • 

- ci.v. c „5u_a semiconductor package, 

particularly quad plate package -T ?s . £nd ^ quad f , g _ 

packages lT QFP.» have each a greatly increased number of 
pins. 

Lead frames having inner leads arranged at small 
Pitches among lead frames for semiconductor packages ar 
fabricated by a photolithographic etching process, while 
lead frames having inner leads arranged at comparatively 
large pitches among lead frames for semiconductor packages 
are fabricated by press working. However, lead frames 
having a large number of fine inner leads to be used for 
forming semiconductor packages having a large number of 
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Pins are fabricated by subject-; a blank cf a thtck.-.ess =, 

= process, not a press 


the order of 0.25 sen to ar, etc.v 


working. 

The etching process for fc-T.ir.g a lead frame havi.-: 
fir.e inner leads will be described hereinafter 
reference to FIG. u. First, a ==??er alloy or ,2 ellcv 
thin sheet of a thickness on the order of C.25 -, : a lead 
frame blank I<!0, is cleaned perfectly (FI5. 1 < (a , , . - her ., 
a Photoresist, such as a water-scluble casein photoresist 

containing potassium dichrc-* - = =c - 

= s c ..srtive agent, is 

spread in photoresist : - " - s - £ - ~ . . 

s ..er the ma;or surfaces of 

-he thin film as shown in FIG. 14;-;. 

Then, the photoresist fi- s . r , ex?osed , t _ rcijg . ^ 
-ask of a predetermined pattern, to light emitted by a 

high-pressure mercurv ■ a — ■ .u- 

-y 2 ,._ ...e thin sneet is immersed 

in * deVel ° Per f " = S --P— - to form a patterned 
Photoresist fil m 1430 as shown FIG. 14(c). Then, the 
thin sheet is subjected, when need, be, to a hardening 
process, a washing process and such, and then an etchant 
containing ferric chloride as a principal component is 
sprayed against the thin sheet 1.C10 to etch through 
Portions of the thin sheet uiO not coated with the 
patterned photoresist films 2020 so that inner leads of 
predetermined sizes and shapes are formed as shown in FIG. 
14 (d) . 
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"hen, the patterned re«s- --• > c 

■ 5 " ---its ere res-cves. 


patterned thin sheet mc washed „ / 
fra,e havi.ng im! . r Uais „. sh4?ej ^ $!5sra " 

-:g. lire;. Predetermined areas cf ; he ; , aS 
forced by the. etching p roc .„ ... silver-plate;. -<-.. 
beinc washed end dried, en adhesive poiyisice . 
- the inner reads !et fixatacn. predeter,ineVtTJ j' r ,''.^ 
bent, when need be, and the die pad depressed. : , 
«--=hin= process, the etchanc etches the thin sheet in ^ 
--he directicn of the thickness end directions perpendic,- . - 
to the thickness, whit, u,.its the =inietcriteti=n cf <-n~ 

?i "- =h * S 8f 2 " d «■*• "-he thin sheet is 

ercr.eo from both the major su---»c es *c 

J 51 2ces as snown i n p IG • A 

=-in= the etching process, it is wh „ . fc . ^ 

'""* 3 ">.P.< '-hat the scariest oossib'e 

ant.rvau between the lines are in the range of SO to ,00* 
tne thickness of the thin sheet. rron, the viewpoint of 
the o U -.er lead having . sufficient 

Severally, the thickness of the -hin .h,., • 

— e ^nm sheet must be about 

0.12$ . or above. Furthermore, the width of the inner 
a«ds „usc be in the ran9e ef 70 M eo Qm ^ successfji 

war. bonding. „he„ the etching process as illustrated .„ 
•M-.K is enjoyed in fabricating , lead fre.e, a thin 
sneer of a s m ali thickness in the range of „.»» to 0.15 » 
as used and inner leads are forced by etching so that the 
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fir.e tips thereof are arranged at a pitch of'sbcut :. 
nr.. 

However, recent rr.ir.ietJie resir.-encacsula-. 
se.-r.icc-.ductor package requires inner leac's arra.-.red 
pitches in the range cf C.12 :: Z.15 mm, far smaller 
C.lcS .- ~ . When a lead frame is fabricated by prcres;;-: 
thin sheet of a re c. JC ed thickness, the strength cf t 
outer leads of such a lead frame is not large enough 
withstand external forces that -ay be applied thereto 
the subsequent processes including an assembling prcce: 
and a chip mounting process. .-.cccrcingly, there is a lim: 
tc the reducticn of the thickness cf the thin sheet t 
enable the fabrication of a -mute lead frame having fir 
leads arranged at very small pitches by etching. 

An etching method previously proposed to overcom 
such difficulties subjects a thin sheet to an etchin 
process to form a lead frame after reducing the thicknes. 
of portions cf the thin sheet corresponding to the inne: 
leads of the lead frame by half etching or pressing to font 
the fine inner leads by etching without reducing the 
strength of the outer leads. However, problems arise in 
accuracy in the subsequent processes when the lead frame is 
formed by etching after reducing the thickness of the 
portions corresponding to the inner leads by pressing; for 
example, the smoothness of the surface of the plated areas 
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is unsatisfactory, the inner leads cannot be fcr.r.ed 

flatness and a dimensional accuracy required to c" - 

lead frame accurately for bending and mcldinu, . 
placarding process must be repeated twice maki.-.g tr.e = 
fabricating process intricate. : -_ is £>sc n£C££££r .. ? . 
repeat a piatemaking process „ h « a the tr.irkr.ess ;: 

the portions of the thin sheet corresponding to the inner 
leads is reduced by half etching befcre subjecting the thin 
sheet to an etching process f= r forming the lead frame,' 
which also makes the lead frame fabricating process 
intricate. Thus, this previously proposed etching method 
:--£s not . vet been applied to practical lead frame 
fabricating processes. 

:SU3J£CT MATTERS TO BE SOLVED = Y THE INVENTION) 

Or. the other hand, because a pitch among inner leads 
is made narrow ss th . RUmber of ters , inais , s inCff .„ e(|f - c 
is considered important to know whether a problem is caused 
or not in association with position shift or dcplanarity of 
an outer lead when implementing a chip mounting process. 
Accordingly, the present invention has been made in an 
effort to solve the problems occurring in the related art, 
and an object of the present invention is to provide a 
resin-encapsulated semiconductor device capable of meeting 
the requirement for an increase in the number of terminals 
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and resolving probler.s which are caused in assoc; 
position shift and copianarity c: £r . outer leas. 

•MEAN'S TOR SOLVING THE SVBJZZT MATTERS * 

According to one aspect rf -;-. e present 
there is provided a resin-enrarsula ted semiconduc: 
-sine a lead frame which is shaped 'in accordan: 
two-step etching process to a body wherein a thi 
inner leads is less than that of the lead frar 
comprisi-g: inner leads having the thickness less ■ 
= f the lead frame blank; and terminal columns i: 
connected to the inner leads end having the sane t 
with the lead frame blank, the terminal columns pc 
a column-shaped configuration which is adapted 
electrically connected to an external circuit, the 
columns being disposed outside of the inner leac 
manner such that they are coupled to the inner lea 
direction orthogonal to the thickness-wise di 
thereof, the terminal columns 'having terminal P 
arranged on top ends thereof, the terminal portion 
made of solders, etc. and exposed to the outside be 
resin encapsulate, outer surfaces of the terminal c 
also being exposed to the outside beyond the 
encapsulate, each inner lead possessing a recta 
cross-section and having four surfaces including a 
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surface, a seccnd surface, a third surface and a fo_ 
surface, the first surface being flushed with cr.e sur: 
cf a rer..a_r.ing portion of tne inner lead havir.s the * 


thick-ess with the lead frame blar..-: while be:.-, 
the second surface, and each cf the third 



surfaces having a concave shape depressed tcwsrd the ins: 
cf the inner lead. 

According to another aspect of the present invent ic 
there is provided a resin-encapsulated semiconductor cev: 
using a lead frame which is sr.ap^d in accordance with 
twc-step etching process to a body wherein a thickness 
inner leads is less than that cf the lead frame blani 
comprising: inner leads having the thickness less than th; 
of the lead frame blank; and terminal columns integral: 
connected to the inner leads and having the same chioknes 
with the lead frame blank, the terminal columns possessin 
a column-shaped configuration which is adapted to b 
electrically connected to an external circuit, the termina. 
columns being disposed outside of the inner leads in c 
manner such that they are coupled to the inner leads in i 
direction orthogonal to the thickness-wise direction 
thereof, portions of top ends cf the terminal columns being 
exposed to the outside beyond a resin encapsulate, outer 
surfaces of the terminal columns also being exposed to the 
outside beyond the resin encapsulate, each inner lead 
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possessing a reczancular cross-section and havir.c fo. 
surfaces including a first surface, a second surface, 
tnird surface end a fourth surface, the first surface :e;r. 
flushed with one surface of a regaining cert i tr. cf th 
inner lead having the sar.e thickness wiih the lead frarr 
blank while being opposed to the second surface, and ear. 
of the third and fourth surfaces having a concave shac< 
depressed toward the inside cf the inner lead. 

According to another aspect cf the present invention, 
a semiconductor chip is received inward cf the inner leads, 
and electrodes ipacs) cf the semiconductor chip are 
electrically connected to the inner leads through wires, 
respectively. According to another aspect of the present 
invention, the lead frarr.e has a die pad, and the 
semiconductor chip is mounted onto the die pad. According 
to another aspect of the present invention, the lead frame 
dees not have a die pad, and the semiconductor chip is 
fastened to the inner leads using a rernforcing fastener 
tape. According to still another • aspect of the present 
invention, the semiconductor chip is fastened by means of 
insulating adhesive to the second surfaces of the inner 
leads on one surface thereof on which the electrodes are 
located, and the electrodes of the semiconductor chip are 
electrically connected to the first surfaces of the inner 
leads through wires, respectively. According to yet still 
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another aspect of the present invention, the sen:--::;- 
chip is fastened to the second surfaces cf the inner leads 
oy bur.pc thereby u be electrically connected to tne inner 
leads. In the above descriptions, in the case tnat tne 
terminal columns have terminal portions which are arranged 
on top ends cf the terminal columns, with the terminal 
portions made cf solders, etc. and exposed to the outside 
beyond the resin encapsulate, while it is the norm that the 
terminal portions comprising the solders, etc. are exposed 
to tne outside beyond the resin encapsulate, it is not 
necessarily required for the terminal portions to be 
projected beyend the resin encapsulate. Moreover, while it 
is possible to use the outside surfaces of the terminal 
columns while they are not encapsulated by the resin 
encapsulate and they are exposed to the outside, the 
outside surfaces of the terminal columns which are not 
encapsulated by the resin encapsulate, can be covered by a 
protective frame using adhesive, etc. 

[WORKING FUNCTIONS) 

The resin-encapsulated semiconductor device in 
accordance with the present invention can meet a demand for 
an increase in the number of terminals. At the same time, 
in the resin-encapsulated semiconductor device, because th 
forming process of the outer leads as in the case of using 
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a mono-layered iead frame shown in FIG. 12 lb 
required, it is possible to provide a semiconductor dev - 
in which no protlsm., are zazsec in associate..-, wit 
pc sit ion shift and colplanaricy of the cuter leads. - 
percicularly, the use of a multr-pi.-.-.ed lead frame share 
in a r.enner that inner leads have a thickness less tna. 
that of the lead frame blank by a two-step etching process, 
that is, the inner leads are arranged at a fine pitch, zar 
meet a demand for an increase in the pin .-.umber z i t'-» 
semiconductor oevice. furthermore, by using the lead frame 
which is fabricated by a two-step etching process as will 
be described later with reference to FIS. 1, the second 
surface of each inner lead has copianarity, and is 
excellent in wire-bonding property. In addition, since the 
first , surface of the inner lead is also a flat surface and 
the third end fourth surfaces are depressed toward the 
inside of the inner lead, the inner leads are stable and 
copianarity width upon wire bonding -process can be 
enlarged. 

( EM300IMENTS J 

Embodiments of the resin-encapsulated semiconductor 
device in accordance with the present invention will now be 
described with reference to the attached drawings. First, 
a resin-encapsulated semiconductor device in accordance 
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with a first embodiment cf the present invention 
described hereinafter with reference to FIGs. : 
FIG. 1(a) is a crcss-sec.icr.al view cf tne 
encapsulated semiconductor device acccrcinc tc t'-- 
embodiment cf the present ir.ver.zicr. . FIG. : ;'z) is a 
sectional view of an inner lead taken alcng the lint 
of : :g. 1(a), and FIG. 1(c) is a cress-sect icnal vie 
terminal column taken along the line 51-52 cf .FIG. 
Moreover, FIG. 2(a) is a perspective view cf the 
encapsulated semiconductor device according zo the 
embodiment of the present invention, FIG. 2(b) is a 
view cf the resin-encapsulated semiconductor device o 
2(a), and FIG. 2(c) is a bottom view of the 
encapsulated semiconductor device of FIG. 2(a) . In F 
and 2, a drawing reference numeral 100 represents a 
encapsulated semiconductor device, 110 a semiconc 
chip, 111 electrodes (pads), 120 wires, 130 a lead i 
121 inner leads, 131Aa a first surface, 131Ab a s 
surface, 131Ac a third surface, 131Ad a fourth surface 
terminal columns, 133A terminal portions, 133B 
surfaces, 133S a top surface, 125 a die pad,, and 2 
resin encapsulate. 

In the resin-encapsulated semiconductor d< 
according to the first embodiment, as shown in FIG. 
the semiconductor chip 110 is placed inward of the : 
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U "* 131 ■ is c " * ...» r:6 • . 

se,-==,c-,=-.c.- chip ::, moli , :e= . s , :hs Si , ?£S 4 

-. h ..,.. UMCi , is ts 

"~ ' ~- - - - : 5 

wh «" elecrr-es P .-, } 

-« •:ec-.nc«i:y connected -_ = ,;, e s , r , £ . £ 
= f the i.-.r.er lead 221 through -he wire 120. r - e 

£:h:5V£ - =>' -c-r.cir.g the rtsir.-«.--*-$-* 

=evi=e 135 via -.he terr.ir.ai o=~— s " 

• " s --•»-• each bei.-.c irace 

* .«i-.ph.»e.l ,oid.r. or. 5 ? .. lr ... ed cirru;t s . jis ;. s . e 

?dr:iDrs !JJa ea sh . ;op >st . aeM 

— - c- -.he -.. rair , 4l CC1 , OTI .„ rMpte ., Ttlv _ ^ 

--«,,-e.,cap s ,: 5 .. ed seKi==nd ,.. : = r = . evice =; ^ 

w.. e present ir.ver.ric-, • - - * nr> ^ ^ 

> - s not necessarily 

r " • h °" n in " C - -hi* no p rote c t ive 

-raise Js used cin be idopted _ . 

The !..„ „«. „, osed ln th , „ Bi „ nduct6r dtv<M 
"0 .cor*,, :o tf! . 41r „ eto=Sinent ^ ^ a 

r* 1 - 1 "" ai: = y - — ~- ».« which 

C0S "- e01 " 4 » »<.. ~ is shaped iy .„ 

-° rOC " s - 15 « 1«- f.«. ».. T,e : ead 
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thickness less than that of the term- el column* 133 - 
other portions. Dam bars 136 serve as a car. 
encapsulating the semiconductor c'r.ip no with a ~<=>s 
Moreover, although the lead frame 12CA which is rrccesc* 
by etching to have the contour as. show.-. FZZ. .- = 
•-sed in this embodiment, the lead frame is not li---.ec :c 
such a contour because portions except the inner leads 121 
and the terminal columns 133 are not necessary. -The inner 
leads 131 have a thickness of <C Cm whereas the portions 
of the lead frame 130 other than the inner leads 121 have a 
thickness of C.15 mm which corresponds to the thickness of 
the lead frame blank. The other portions of the lead frame 
120 except the inner leads 121 may not have the thickness 
of 0.15 mm, but have a thickness of 0.125 mm-0.50 mm which 
is thinner. The tips of the inner leads 2 31 have a small 
pitch of 0.22 mm so as to achieve an increase in the number 
of terminals for semiconductor devices. The second face 
122Ab of the inner lead 122 has a substantially flat 
profile so as to allow an easy wire boding thereon. Also, 
as shown in FIG. Kb), because the third and fourth faces 
131Ac and 2 32Ad have a concave shape which is depressed 
toward the inside of the associated inner lead, a high 
strength can be obtained even though the second face (wire 
bonding surface) 131Ab is narrowed. 

In the present embodiment, since twisting does not 
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occur in the inner leads 121 irrespective of whet.-.er t. 
inner leads 131 is long or not. The inner leads havir.s t: 
contour, ni shown in FIG. 9 (a,, i n which the tics cf tr 
inner leads 131 are separates one frcr. anct.-.er. ar 
prepared by the etching process, ar,d the inner leads ar 
resin-encapsulated after rnountrr.g the serr.rconduct r r cri 
therecn as will be described later.' However, where 
inner leads 131 are long in their length and have i 
tendency fcr the generation cf twisting therein, it is 
impossible to fabricate the lead fra.r.e by etching to have 
the contour as shown in FIT-. 2 (a) . Therefore, after 
errhi.-.g -he lead frame in a state where the rips of - he 
ir.r.er leads ere fixed :o the co.-.r.eccing portion 1313 as 
shown in FIG. 9(c!(-T), -.he inner leads 131 are fixed with 
the reinforcing tape 160 as shown in FIG . 9(c) (O). Ther5 , 
the co.-.nec-.ing portions 1313 which are net necessary in the 
fabrication of the resin-encapsulated semiconductor device 
are removed by a press as shown in FIG. 9(c) {/%), and a 
semiconductor device is then mounted on the lead frame. 

Hereinafter, a method for the fabrication of the 
resin-encapsulated semiconductor device will now be 
described with reference to FIG . e. First, the lead frame 
130A, as shown in FIG. 9(a), which is shaped by the etching 
process as will be described later, is prepared such that 
the second surfaces 131Ab of the inner leads 131 are 
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directed upward (FIG. era;). 

Then, the semiconductor chip lie is mounted onto - 

die pad 115 such tnat the surfaces of the semi conduct 

cr.L? HO on which the electrodes ill sre arranged,"* 

directed -pwerd (FIG. 3(b;). 

Next, after the semiconductor chip :: 0 is fes -_ e - e 
onto the die pad 12S. the electrodes in cf 
semiconductor chip no and the seccnd surfaces 13lAb cf th 
inner leads 121 are bended with each ether using wires IX 
f.-IG. 5(C)). 

Subsequently, encapsulation is carried cut with the 
conventional resin encapsulate no. Thereafter, 
unnecessary portions of -_, e le8 , fr£me ^ ^ 

Protruded fro. the resin encapsulate i<0 are cut by a press 
to form terminal columns 123 and also the side surfaces 
1333 cf the terr.ir.ai columns 133 :F1G. 8(d)). 

Then, the dam bars 126, the frame portions 237, etc. 
of the lead frame 130A as shown in FIG." 9 are removed. 
Next, the terminal portions 133A each made of the semi- 
spherical solder are arranged on the outer surface of each 

terminal column 133 to fsb-< 0 „ 

-o .oc.i.c.e a resin-encapsulated 

semiconductor device (FIG. 6(e)). 

Thereafter, the protective frame 180 is arranged by 
*eans of adhesive around an entire outer surface of the 
resultant structure in such a manner that the side surfaces 


J»lSO v« 


20 


*-S£S9 US 
9-8203 

cf :he terminal columns 133 are covered thereby fi: 
6(f);. At this time, the protective frame ISC functions t 
reinforce the semiconductor device. In ether -./eras, tr. 
protective frame 1BC serves tc prever.t moisture :rc: 
leaking ir.to a cap between the resir. encapsulate arc tne 
terr.inel columns due to the fact that the sice surfaces : : 
the terminal columns are expesed tc the cutsice, wherecy a 
crack is not formed in the semiconductor device and the 
breakage cf the semiconductor device is avoided. However, 
persons skilled in the art will readily appreciate that it 
is not necessarily required to crevice the protective frame 
ISC. Also, when s\:ch an encapsulating process by the resin 
is carried out using a desireo moid, the encapsulating 
process is implemented m a state wherein the outer side 
surfaces of the terminal columns of the lead frame are 
somewhat protruded out of the resin encapsulate. 

A method for etching the lead frame of the first 
embodiment will now be described in conjunction with the 
attached drawings. FIG. 11 * is of cross-sectional views 
respectively illustrating sequential steps of the etching 
process for the lead frame of the first embodiment. In 
particular, the cross-sectional views of FIG. 1 correspond 
to a cross section taken along the line D1-D2 of FIG. 9(a). 
In FIG. 11, the reference numeral 1110 denotes a lead frame 
blank, 1120A and 1120B resist patterns, 1130 first opening, 
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1240 second openings, 1150 first concave portions, lie*: 
second concave portions, ll"/0 flat surfaces, and llrC ar. 
etch-resistant layer. First, a water-soluble casein resis- 
using coiassiu.?. dichromate as a sensitive agent is ccatec 
ever both surfaces of the lead frame blank 1111 race r: t 
<2% nickel-iron alloy and having a thickness cf about Z .11 
irjr:. V sing desired pattern plates, the resist f iI.t.s are 
patterned to form resist patterns 1120A and 11203 having 
first opening 1130 and second openings 114 0, respectively 
{ r 1 3 . 11(a)). 

The first opening 1130 is adapted to etch the lead 
frame blank 1110 to have a flat etched bottom surface to a 
thickness smaller than that cf the lead frame blank 1110 in 
a subsequent process. The seczr.d oper.ir.es 11<0 are adapted 
to form desired shapes of tips cf inner leads. Although 
the first opening 1130 includes at least an area forming 
the tips of the inner leads 1 11C, a topology generated by 
partially thinned portion by etching* in. a subsequent 
process can cause hindrance in a taping process or a 
clamping process for fixing the lead frame. Thus, an area 
to be etched needs to be large without being limited to 
fine portions of the tips of the inner leads. Thereafter, 
both surfaces of the lead frame blank 1110 formed with the 
resist patterns are etched using a <8 3e # ferric chloride 
solution of a temperature of 57t: at a spray pressure of 
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2.5 kg/cm =. The Mching ?roce£s ia :erTirate . ^ _ 

° f "~ ^ fir " — -0 etched £ 7^ 

6tCr<ed SUrf£Ce ha - * =^P,h h c:::es P3: , :: :s "J 
« the thickness of the lead frar.e blank : r :3 . = 
Althsugh both surfaces cf -.«-- - 6£ - , . 

- ~ 


ere simultaneously etched in the primary etc 
- - net necessary to simultaneously etch both surfaces * 
^e lead frame blank 2110. The reason why both surfaces c> 
t^ lead frame blank 2120 are simultaneously etched, as - 
-is embediment, is to reduce the etching time taken tn a 
secencary etching process as win be described later. 7 he 

~' Z ~- & - ZL ~- te *e.n ^or the o---a-- 

P--...C... c .. = seconaery etchino 

processes is less than that *ak— 

-K — -n .r.e case cf etching of 

= "-y =ne surface c* -^o i , 

c. ... e „ ec c frame blank cn which the 

resist pattern 2 220B <s 'c--« - • 

-s -c....e_. sucsequentiy, the surfac- 

orovided with the first — esc es 

S56S " s " respective2y etched 
« tr.e fi.sr opening 2130 is entirely coated with an 

etch-resistant hot-melt wax 

wax (acidic wax type MR-WB6, The 

Uyer „.. S o „ to „„ up £(J , ^ ^ 

cover -.he resist pattern ::20A ,r: 5 . 11(e)). 

is „ot necessary to coat the etch-resistant ley,. 
"•0 over t.,e entire portion or t,e surr.ee proviso with 
resist pattern However, it is prer.rr.o that 

the etch-resistant lay er 11,0 b e coateo over the entire 
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portion of the surface forced with the first recessi 
and first opening 1230, as shown ir. FIG. 11 :r), ceza 
is difficult to coc: tne etch-res;.* tant layer llrC c 
the surface portion including the first recesses 
Although the etch-resistant layer 1 1 £ 0 wax employee ; 
embodiment is an alkali-soluble wax, any suitar! 
resistant to the etching action of the et chant scluti: 
remaining somewhat soft during etching rr.ay be used, 
for forming the etch-resistant layer 22 80 is -ct lirr.it 
the above-mer.ticr.ed wax, but may be a wax of a 'JV-se 
type. Since each first recess 115C etched by the pr 
etching process at the surface formed with the pa 
adapted to form a desired shape of the inner lead t: 
filled up with the etch-resistant layer 1180, it is 
further etched in the following secondary etching croc 
The etch-resistant layer 1150 also enhances the mechar 
strength of the lead frame clank for the second etc 
process, thereby enabling the second etching process tc 
conducted while keeping a high accuracy. it is 

possible to enable a second etchant solution to be spr. 
at an increased spraying pressure, for example, 2.5 kg 
or above, in the secondary etching process. The increc 
spraying pressure promotes the progress of etching in 
direction of the thickness of the lead frame blank in 
secondary etching process. Then, the lead frame blank 
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subjected to a secondary etching process. Ir. this 
secondary etching process, the lead frame blan> 11 :: :s 
etched at its surface formed witn first recesses 11.-. 
havir.c a fiat etched bettor, surface, to completely 
perforate the second recesses 11€C, thereby fcr-ir.c tr.e 
tips cf inner leads 131A (FIG. 11. si). 

The bottom surface 1170 cf each recess formed by the 
primary etching process is flat. However, both sidf 
surfaces cf each recess pcsiticr.ee at opposite sides of the 
better, surface 11"?0 have a concave shape depressed toward 
-he inside of the inner lead. Then, the lead frame blank 
is cleaned. After completion cf the cleaning process, the 
etch-resistant layer 1180, ar.e resist films (resist 
patterns 1120A and 1120B) are sequential ly removed. Thus, 
a lead frame 130A having a structure of FIG. 9(a) is 
obtained in which tips of the inner leads 131A are arranged 
a: a fine pitch. The removal cf the etch-resistant layer 
1160 and resist films (resist patterns U20A and 1120B) is 
achieved using a sodium hydroxide solution serving to 

dissolve them. 

The processes for manufacturing the iead frame as 
shown in FIG. 11, is to form by means of etching the lead 
frame having the tips of the inner leads used in this 
embodiment cf the present invention, which have a thickness 
less than that of the lead frame. Especially, the first 


surfaces. 23lAa of the tips of the inner leads as show., : 
KG. 1, are flushed with one surfaces of remaining porttc, 
of tne inner Isads having the sar..e thickness with the lea 
fra-e while being opposed to the second surfaces l-LAb, ar 
the third and fourth surfaces are formed to have a oc.-.rave 
shape which is depressed toward the L-sHe cf t- 
leads. Where a semiconductor chip is mounted on the seco- 
surfaces 131Ab of the inner leads by means of bumps for an 
electrical connection therebetween, as in a semiconductor 
device according to a third embodiment as will be described 
hereinafter, a., increased tolerance for the connection bv 
=umps is obtained when the second surface 231Ab has a 
concave shape depressed toward the inside of the inner 
lead. To this end, an etching method shown in FIG. 22 is 
adopted in this case. The etching method shown in FIG . 12 
is the same as that of FIG. 11 ia association with its 
Primary etching process. After completion of the primary 
etching process, the etching method is cSnducted in a 
manner different from that of the etching method of FIG. 21 
in that the second etching process is conduced at the side 
of the first recesses 1150 after filling up the second 
recesses 1160 by the etch-resist layer 2280, thereby 
completely perforating the second recesses 1160. At this 
time, by implementing the primary etching process, etching 
at the side of the second openings 1K0 is performed in a 
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sufficient manner. The cross section of each i.-.r.«- * £ - 
inclucing its tip, forced in accordance with — 

" r 

m,-nod of ri3. 12, has a concave shape =e pressec 
inside of the inner lead at the second ' su-*.— -r- 
shown in TIG. 6 fb) . 

The etching method in v u • ~- 

y ...uu ... v. e e._.-..r.g process ;« 

conducted at two separate steps, respectively, £s in 
cf r:=s. 21 and 12, is generally called a "two-step etching 
method". This etching method is advantacec.s ir . chat a 
desired fineness can be obtained. The etching method used 
to fabricate the lead frame : 3 ?A cf the first embodiment 
shown in. FIG. 5 involves the twc-step etching method and 
the method for forming a desired shape cf eac , ;ead ;?affit 
portion while reducing the thickness of each pattern 


formed. 


In particular, the etching method makes 


possible to achieve a desired fineness. In accordance with 
the method illustrated in FlGs. 11 and 22, the fineness of 
the tip of each inner lead 13IA formed by- this method is 
dependent on the shape of the second recesses 1160 and the 
thickness t of the inner lead tip which is finally 
obtained. Tor example, where the blank has a thickness t 
reduced to 50 Dm, the inner leads can have a fineness 
corresponding to a lead width Wl of 2 00 Dm and a tip 
Pitch p of 0.15 mm, as shown in FIG. H(e>. :n the case of 
using a small blank thickness t of about 30 Dm and a lead 
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width Wl of 70 Dm, it is possible to form inner lea; 
having a fineness corresponding to an inner lead rite- - 
0.12 .xr.. Of course, ic may be possible to fcrrr. inner _e - ■ 


'urther reduced tip pitch by adjustir.r t r.e clan 
thickness t and the lead width W- That is to sav, a 
inner lead tip pitch p up to 0.08 mm, a blank thickness j: 
to 25 Dm , and a lead width Wl up to <C Cm can re 
obtained. 

In the case where twisting of the inner leads does net 
occur in the fabricating process, as in the case where the 
inner leads are short in their length, a lead frame 
illustrated in FIG. 9(a) can be directly obtained. 
However, where the inner leads are long in length as 
compared to those of the first embodiment, the inner leads 
have tendency for the generation of twisting. Thus, in this 
case, the lead frame is obtained by etching in a state 
where the tips of the inner leads are bound to each other 
by a connecting member 1313 as shown -in FIG. 9(c) (*f). 
Then, the connecting member 131B which is not necessary for 
the fabrication of a semiconductor package is cut off by 
means of a press to obtain a lead frame shaped as shown in 
FIG. 9(a). 

Moreover, as described above, where unnecessary 
portions in a structure shown in FIG. 9(c) ( -f ) are cut to 
obtain the lead frame having the contour shown in FIG. 
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oeneraiiy used. as shown ir. r:s. *; = ,.,>.. 
connecting nenbet i«, Ss „. e „ fcy ^ =; ^ 
cfcrair. .the cc.-.rsur shown in Tiz. ? c < 0: £ 
"vice is counted s „ the ; £ ac : - r£rs c ... r 

* r 

reir.fcrc-= tape attached there-. A ;, 0f ., e 
••aiccBductor device is encapsulated with a resi- 
condition where the lead f r6 , e still has the taoe. "'J. 
-ir.e r:i-r; 2 ili ustr6tes a ?=r - ; ._ 

The tip of the inner lead 111 = - -w. ,„ 

-- -e=o rra-e used 

the ser.i conductor device -; -- s _ c _ 

5 s. e.T.coci.T.ent has a 

shape ., shc „ . a r:s . . he s<o 

:J: * h " in " shM "*•- m>b 

;* •■■*»--«««»v «« ,>.„..„. kM . uidth H1 

s.ishrly greater -han the wic-~ ~* „ 

»- *r. opposite surface. 

The widths K< end « {she— n«. 

ieoo_. 4re a . ore 

-idth H .-. the centre- portion of the tips when view.o in 
the direction of the inner iead thickness-. Thus. the tip 
of the inner lead his . CIOSS . s . c:ioMl ^ ^ 
opposite wide surf.c.s. To this end. eUhouoh either o- 
the opposite surfaces of the tip mA e .„ be ,„ Uy 
electric,- ay oonnect.d to a semiconductor device ,not 
shown, by . wire !m „ „„, ,„,. 

the use of the etched fiat surface for wire-bondin, as 
shown in rIB . „,„,,.,. Jn rTG n a iefeience nu ^ rai 
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131Ab depicts an etched flat surface, 131Aa a surfece r : a 
lead frame blank, and 121A and 1215, respectively, ? platec 
portion. In the case of ;ZZ. 13,3; -.a;, -here has 
particularly excellent in wire-bending property, ceca.se 
the etched flat surface does net have roughness. TZZ . 
13 shows that the tip 1331= cf the inner lead cf the 

lead frame fabricated according to the process illustrated 
in FIG . 14 is wire-bonded to a semiconductor device. In 
this case, however, both the eppesite surfaces cf the tic 
1321B cf the inner lead are flat, but have a wiJth smaller 
than that in a direction cf the inner lead thickness. In 
addition to this, as both the eppesite surfaces of the tip 
13315 is formed of surfaces cf the lead frame blank, these 
surfaces have an inferior wire-ber.cing property as compared 
to that of the etched flat surface of this first 
embodiment. FIG. 1 3 ( — > shews that the inner lead tip 
1321C or 1331D, obtained by thinning in its thickness by a 
means cf a press (coining) and then by etching, is wire- 
bonded to a semiconductor device (not shown) ; In this 
case, however, a pressed surface of the inner lead tip is 
not flat as shown FIG. 13(-). Thus, the wire-bonding on 
either of the opposite surfaces as shown in FIG. 13(-)(a) 
or FIG. 13(-)(b) often results in an insufficient wire- 
bonding stability and a problematic quality. The drawing 
reference numeral 1331Ab represents a coining surface. 
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A modified example of the resir.-encapsulsted 
semiconductor device in accordance with the *• ... 
embodiment of the present invention will descried 
hereinafter. "3s. 2(a) through 2 (e< are cress-sect icra! 
views cf the modified example of the resin-encapsulatec 
semi conductor device in acccrcance with c-e --• - £ - 
embodi.T.ent cf the present invention. The semiconductor 
device of the modified example as shown in FIS. 3; a) , 1S 
different from that of the first embodiment in that a' 
pcsiticn of the die pad 125 is chanced, that is, the die 
pad 135 is exposed to the outside. By the fact that the 
dee pad 125 is exposed to the outsice, the heat dissipation 
property is in-proved as compared to the first embodiment. 
Also, in the semiconductor device of the modified example 
as shown in- FIG. 3(b), because the die pad 135 is exposed 
to the outside, the heat dissipation property is improved 
as compared to the first embodiment. Unlike the first 
embodiment or the modified example as shown- in FIG. 3(a), 
in the present modified example as shown in FIG. 3(b), 
because a direction of the semiconductor device 110 is 
changed, the first surfaces cf the lead frame are 
established as the wire bonding surfaces. The modified 
examples as shown in FIGs. 3(c), 3(d) and 3(e), illustrate 
semiconductor devices which are obtained by modifying the 
semiconductor devices of the first embodiment, the modified 
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example as shown in FIG. 3 (a, and the modified example 
shown in FIG. 3(b), wherein the semi -spherical solders ar 
no-, used, and instead, the top surfaces c: teir.ira 
columns are directly used as the terminal ?=rt:-.-.s, wr.erer 
ar. entire -anuf acturing procedure car, be simplified. 

•*>ext, a resin-encapsulated semiconductor device :.- 
accordance with a second embodiment cf the present 
invention will be described. FIG . < (a , is 
secticnal view of the resin-encapsulated semiconductor 
device in accordance with the seccr.d embodiment c: the 
Present invention, FIG. < ( b, is a cress-sectional view 
illustrating inner leads, taken along the line A3-A4 of 

f:g. < ;s >, and riG . <(eJ is a cross . sect . ORal view 

illustrating a terminal column, taken alone the line B3-34 
<(a,. Because an outer appearance of the 
semiconductor device of the second embodiment is 
substantially the same as that cf the first embodiment, it 
is not illustrated in the drawings. In FIG." 3, the drawing 
reference numeral 200 represents a semiconductor device, 
210 a semiconductor chip, 211 electrodes (pads,, 220 wires, 
230 a lead frame, 231 inner leads, 231Ab a second surface, 
231AC a third surface, 23IAd a fourth surface, 233 terminal 
columns, 233A terminal portions, 233B side surfaces, 233S 
top surfaces, 240 a resin encapsulate. and 270 a 
reinforcing fastener tape. m the semiconductor device of 


32 


M-5599 US 
v-8205 


this second embodiment, the lead ^ ftIP . • 

--erne ^ JO ooes net r.a • 

die pad, the semiconcuc . 

— ■ .- tiv is fastened tc 


inner leads 231 by the reinferci.-.s f 


este*e; 


she semiconductor chip 2:0 is electrical "v 

electrodes (pads) 221 EO the C£ ._, e .._. 

-e .s_rraces 2 3 1 A b - -• 

inner leads 231 by wires 220. .Vsc - 

- n --.e case c f 

second embodiment, similarly to the * 

electrical cor^Ar*.*^ 

cor.ijecu^on cetwe^r - ^ 

e.r. wne resir.-encapsulared 

semiconductor devirp ^< 

Jta " e of :r.:s e-^^p r - • 

?~_mer,w c »c an external 

circuit is achieved by mount ino _ c .. 

semiconductor device 20C via the — <- a i n ■ 

.n.nal portions 2 "''A 

each being mace of a semi-soheri-^ so . de . 

solder, on a printed 

circuit substrate, with th« 1 ^ 

- ~e_m... e . portions 233A located 
on - r -e top surfaces 2 ~ ~s --- -• 

ne *««nin«l columns 233, 

respectively. 

In addition, the sem-c—- ~ ■ 

r oevice of this second 

- »,„,. „ anufac:uri ,, „ ethoa o£ tift semicoMuctor 

«.v le . of thl . embodiBen: usln9 fr>M , j3w ^ 

as that of che first emb odi.T,er.-. 

-x.ept chat, u) , lie in the 

case of -.he ; irst embodiment, -.he w<-e b D ^ ( . 

5 u -- e "ondino process and 
-in enc.psui.tin, prec „s .„ ^ _ 

wherein .he semiconductor ohip i, ^ 
»«*.. in the case of the second embodiment, the „ ire 
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process 
- =hio 2: 


20 


25 


performed in a s :ate wherein -.he ..p-.,....! 

f " :sne - together with the < 

" W T - -sstener tape 270 — e ^ 

* " 6 C'J" * ' - - - , 

" Jr --ecessery dc: : -c • 

, ' — c - 

-^-"ir.g or oce c s **r*»*. 

-.-e...ented in the same way as the .«-,- ... . . 

«»• ,ar,,er by which the lead ; ra -. -, e , . . 

• ' " S ob:a: " eQ ' In other words ~ v 

s-. . ' ng — e -esuitant 

r-~ 5 "' c '- e «s shown in 

une conto-r as shown . A 
oc.e_..ea. At this tine -k. - 

. as ' CSRV «tion.l reinforcing 

-as.e..er tape 260 (the polyimide as . 

-o.-)(0,, wklch performs 

-action is used. 

----- 5(a) through 5'c> £ - e 

6 crcss -sectionai views 
— stratir.g modified exanoies o* -k. , e • 

• °- semiconductor device 

-*e second embodiment n-k a 

ent. The semiconductor device as 
shown , n FIG. 5, a, is differerc " 

device o. r. C semic onductor 

device of the second embodiment, in t-at -h. 
mmwm . n c - ac «-n« surface of the 

semiconductor chip thereof which has the .i 
w . nas the electrodes is 

directed downwa-d T k. 1S 

11 a ' a - "he mooified ey^-.. 
... , Q exem P-'es as shown in FIGs 

::::: r in — ~- — — . .„ 

oo^ained by modifvina f h. 

-Ving the semiconductor devices of the 
second embodiment and the modified examol 

6d exam Ple as shown in FIG. 
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5(a,, wherein :he se^-spnerical solders are no, . 
instead, the co? $urfdces cf =fc- " 

-cause a protective frar.e is ,ot used a.,d - 

surfaces 2235 of the terminal -, 3 

....s - - j are e::=csed - 

the outside, a checking operatic, by a test, etc.' c = - 

easiiy performed. 

*•'•>'"'■*•*> ' , MSicesSsi .„ 

"vice in .«.«!.»« with . : ., i?d s . ... ....... 

.«««...: o; th . ... 3; ,.«., = , ?s . JJa:ed ,^ eenSoe5 ; 

device of i he o--^^.- 

~— e....o=.r.e.-.t. r:s. 6{b , g creM _ 

sectional vie. iUustrati, ,-,er leac ,, ^ ^ ^ 

— of „«. «,.,. and „. fie , 

V:ew -^"tratino a terminal cclur- -ak- 

aken ai ong the line 

= = -55 of FIG. 6(b). 3ee»"*o = - 

3eca.se sr. outer appearance of the 

semiconductor device of the this third embodiment is 
substantially the same as that of the flMt embodijnent> ic 

is not illustrated in the draWnos m r— V 

In FaG - 6» the drawing 
reference „«•„! 300 represent . se.iconc.ccor de v ic 
3.0 e semiconductor chip. 3!2 o^ ps , 230 . 1|<d ^ 

inner leads, 331Aa a firs- s , r 'er. «, *w 

sur.ace, 331Ab a second surface, 
331Ac a third su-'ar. i, :k , 

"~ace, 33,Ad a fourth surface, 333 terminal 

columns, 333A terminal portion 333a c,h 

H °" s ' 3338 Si de surfaces, 333s 

"op surfaces, 3<n a 

W a resin encapsulate, and 350 a 
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reinforcing fastener tape - he t 

pe ' ^- -he semiconductor device ; 

this rhi rd embodiment, the semiconductor chic ^ : 

fastened to the second surfaces 232Afc of the ,-. r .er 

-31 by the bumps 311 thereby to be electric*-- 

to the second surfaces 331Ab. The lead frame 

contour as shown in FIG*. 20(a) and 10;=;, w - - - s - 

by the etching process of T'G • i • 

..v.. ... -s snow.-, i- r:s. 

13.*>.b. f both widths W1A and W2A (about 200 Gv s- - 

2nd bottom ends of the inner leads "3' - a 

*«=-s .j. c . e .arger then a 

= - a center do-~*c- - • 

k -Str :.rec:;on . 

to the fact that the second surfaces 331Ab of the inner 
-eacs is depressed toward the inside cf the ir.ner leads 

and the first surfaces 331Aa a-e " - • 

a.e __ c ., a oesired fineness 

«*<„, dl!c:or chip via bum?s< Msy CCMtctiM can be 

case of lhl . tMrd enbodiTOnt , in cas> oj Hw 
•nd „co„ d embodi M „„. th , elec:rical conn . ction 
th. r.. ln -. ne . plul . t . d ,. miccnductor d . vlce ^ ^ ^ 
e»bo dim e„ t and an circui; ^ ^ 

the r..l„-.nc.p.»l«. d « mil: o nductoI devi „ J0() ^ ^ 
..—I pertio „ s 333A each fceing ^ s seini _ sphejicai 

en . prlnt . d circuu substrat ^ 
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25 


columns 333, respectively. 

In addition, unlike the semiconductor device c: --. 

C:.rsz embodiment, the semiconductor device cf tivs • 

embodiment uses a lead frame which is shaped bv the 

process =s shown in FIG. 12. However, zhe r.*r.ufa = : 

method of the semiconductor device of this embed;-*-- 
substantially the same as that of the first embrdime-- 
except that, while in the case cf the first embodiment, the 

wire bonding process and resin encsosu c= , 

performed in a state wherein the semiconductor chip is 
fastened to the inner leads, in the case cf this rhird 
embodiment, the wire bonding process and resin 
encapsulating process are performed in. a state wherein the 
semiconductor chip 310 is fastened to the inner leads 331 
via the bumps. Also, the cutting process for the 
unnecessary portions and the terminal portion forming 
process after resin encapsulating process are implemented 
in the same way as the first embodiment. 

FIG. 6(d) is a cross-sectional view illustrating a 
modified example of the semiconductor device in accordance 
with the third embodiment of the present invention. In the 
modified example of the semiconductor device as shown in 
"G. 6(d), the terminal portions each comprising the semi- 
spherical solder are not provided, and the top surfaces of 
the terminal columns are directly used as the terminal 
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portion,. Because the protective frame i5 Rot use , ^ 
side surfaces 3333 of the terminal colu~s 
to the outsioe, a checking operation by a test, e-c 
easily performed. 

Hereinafter, a resir.-encepsulated semiccnduct 
device in accordance with a 


a crcs. 


fourth er.bodiir.ent o: 
present invention will be described. FIG. ?; a , , s 

sectional view of the resi- » Mu i— — 

-...=?suia:e: semiconduc- - 

device of the fourth embodiment, FIG. 7 ,b* - s - ~ OM 

' - * <= cross 

sectional view illustratino - p;a _- 

- -eacs, taxen alone th 

line A7-A8 of FIG . 7(a), and FIG. 7(-j -• « - 

u ' - s a croEs-sectiona 

view illustrating a terminal co--— ■ --j.. n 

' -"Ken along the 2in 

37-S9 of FIG. 7(b). 3e-ause ~i « - 

ae.ai.se «=n outer appearance of the 

semiconductor device of rh» 

" — - fourth embodiment is 

substantially the same as that of -he *- - s - . mK „ •• 

- r - e Sw embociment, it 

is not illustrated in the drawir.es ~,r w • 

— s s. .n rIG. /, the drawing 

reference numeraire represents . semiconductor device. 

«0 a semiconductor chip. m pads , „„ a . lead ^ 

inner leads. „«. , f lt , t surface> <31Ab , sec<)nd 

<31Ac . third surface. OiAd a fourth surfice , <33 terminal 
colons. OSA t<niMl portions , „„ s , de surfacss _ <33s 
top surfaces. , resin encapsulate< anfl ( , ( insolating 

adhesive. m tne semiconductor device of this fourth 
embodiment, on. surface of the semiconductor chip ,„ on 
which the pads «„ are disposed is fastaned t(> 
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surfaces <31Ab of the inner leads <31 by the ir.s-. 

adhesive 470, and the pads <*• 

«- - - c..^. s _ surraces 

o: the inner leads 431 are elec.r.caliy ccr.r.ectec v.i-_- 
other by wires 420. The semiconductor device cf 
fourth embodiment uses the same lead. frame which is use 
the third embodiment, which has the contour as shew: 
."3. 10(a) and 10(b). Also, in the case of this fc. 
embodiment, as in the case of the first and se : 
embodiments, the electrical connection between the res 
encapsulated semiconductor device 4 00 of this embodim 
and an external circuit is achieved by mounting the res 
encapsulated semiconductor device 4 00 via the termi: 
portions 433A each being made of a semi-spherical sold, 
on a printed circuit substrate, wi-.h the terminal portic 
433A located on the top surfaces of the terminal colun 
4 33, respectively. 

FIG. 7(d) is a cross-sectional view illustrating 
modified example of the semiconductor device in accordanc 
with the fourth embodiment of the pr'esent invention. j 
the modified example of the semiconductor device as shov 
in FIG. 7(d), the terminal portions each comprising th 
semi-spherical solder are not provided, and the to. 
surfaces of the : terminal columns are directly used as th. 
terminal portions. Because the protective frame is not 
used and the side surfaces 433B of the terminal columns 43- 
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vpe r c z i on hu - . 

etc can be easily performed. 
:---r£C7S OF 7 HZ INVENTION; 

-i* Present invention proves 6 ree ,_ 
s-..~-cnouctor device emo2oy- c -w. 

... . . -..eo _ea~ 

wr.i-K is capfib , 

? c =e " 2 "- for -he 

e -"- nal 'I'-naer. - r urther.T:cre, t — 
encapsulated semiconductor device - 
' 13 :,v^- c - „ M "' oC=Cr = an =e with this" 

c. .oes not require a process c' 

_ • . w " ,k -"5 or be^* Jf '"» 

— =6 " bars es i» she case of ...... - • . * 

= " €£= frane hav in° 

-5=ds as shown in r-~ . , , u 

' •-• s £ result of - h . s 

th. o«. r lMi . ... .» 

■5 assori . . . ' or a Problem 

associated w-s _ , 

"- n c oplanaritv. r. 

- — ° a ----=r. co these 

eavancaoes - ^= _ 

~ he resi -Tencapsu:atec c e ~~^- 
= • -e..._conouctor device 

a snortened interconnection W w - s 

or -Ke 3GA k compared to the 0T P 

— BGA, whereby the semiconductor device can b 

* - Parasitic capacity, and aho " , ' 

20 tlme . Sheened i„ a transfer delay 
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